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Fe3O4 PARTICLES FUNCTIONALIZED WITH EDTA AND 

PVA - PREPARATION, CHARACTERIZATION AND THEIR 

USE IN REMOVAL OF MANGANESE IONS FROM 

SYNTHETIC AQUEOUS SOLUTIONS 
 

Oanamari Daniela ORBULEŢ1, Claudia BORDA2*, Delia GARLEANU3, Gabriel 

GARLEANU4, Alexandra STANCU5, Cristina MODROGAN6 

In this study, two new types of magnetic materials (Fe3O4/EDTA and 

Fe3O4/PVA) were synthesized. Magnetite (Fe3O4) particles were synthesized by the 

simple chemical co-precipitation method. After preparation, the magnetite was 

functionalized with EDTA (Ethylenediaminetetraacetic acid tetrasodium salt 

dihydrate) and PVA (Polyvinyl alcohol) through a reaction mechanism with complex 

formation. The resulting sorbents were characterized using FTIR, TGA/DSG and 

light microscopy.  

FT-IR spectra revealed that the functionalization of EDTA and PVA on the 

Fe3O4 surface was successfully performed fact proved by the presence of -COOH 

peaks. The use of these sorbents to remove manganese from groundwater has been 

successful, with a removal efficiency of 99%. High efficiency was obtained at a pH - 

6 at room temperature. 
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1. Introduction 

High amounts of manganese can be found mainly in clay soils. The factors 

that influence the amount of manganese in groundwater are: water flow rate, soil 

geology, area hydrology, rock composition, quantity and type of bacteria in the 

soil, etc. [1]. 

The removal of metal ions from water is a major concern, which has 

required the development of physical, chemical, physicochemical and biological 

methods for their selective removal from water. The most effective methods for 

removing metal ions from aqueous solutions are coagulation-flocculation [2-4], 
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precipitation [5, 6], flotation [7], ion exchange [8-12], liquid membrane [13], 

adsorption [14-17], electrochemical methods [18] and biological methods [19-21]. 

Manganese is an essential trace element necessary for the human body in 

oxygen metabolism. The maximum allowed dose is 10 mg/day Mn [22]. 

Exceeding the daily dose leads to local side effects (vomiting, digestive bleeding) 

or systemic side effects (digestive, respiratory disorders, etc.). In drinking water, 

the concentration of manganese should not exceed 0.1 mg/L [23]. 

 In general, adsorption can be defined as the accumulation of a substance 

on the surface or interface between solid adsorbent and contaminant [24]. Gupta et 

al [25] argue that adsorption and ion exchange involve the transfer of one or more 

substances between the liquid and solid phase. Physical adsorption occurs when 

the forces of attraction are weak (van der Waals forces) resulting in a reversible 

adsorption. Chemisorption occurs when chemical bonds form between the surface 

of the adsorbent and the adsorbed molecules. 

Other forces that control the adsorption processes are hydrophobicity, 

hydrogen bonds and 𝜋 - 𝜋 type interactions. 

For an economic process, account must be taken of the nature of the 

adsorbents, the waste management after use and its operational ease. Magnetic 

materials have long been of particular scientific and technological interest with a 

huge potential for application to depollution of the environment, apart from their 

application in biomedical, biology, electronics, optoelectronics, cosmetics, etc. 

[26]. The unique characteristics of magnetite (Fe3O4) particles and their surface 

modified with EDTA and PVA are associated with a very high surface-to-volume 

ratio., low toxicity, biodegradable, biocompatible, ease to synthesize and ease to 

isolate from solution by applying an external magnetic field [27-30]. The main 

advantage of using super-paramagnetic iron oxide particles in water purification is 

that they can be easily removed from the system by applying an external magnetic 

field. 

Recent developments in nanoscience and nanotechnology [31] have shown 

remarkable potential to address environmental problems. The structured nano-

sorbents [32] are far superior to conventional sorbents in terms of efficiency and 

fast separation speed of wastewater pollutants due to their new properties 

according to their size. In general, most dissolved pollutants are not magnetic and 

thus do not respond to the externally applied magnetic field. Nano magnetic 

particles [33] with large surface area and modified surfaces with special functional 

ligants with affinity for target pollutants have a potential application in the 

extraction of pollutants from water [34]. 

The advancement of the technology regarding the inorganic/organo-

metallic syntheses allowed the obtaining of some functionalized 

nanoparticles/nanomaterials with a controlled particle size. At present, 

nanomaterials occupy a leading place in the development of nanomaterials, due to 
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the interesting way of manifesting magnetic, electrical characteristics and 

potential applications. 

The magnetic behaviour of materials is divided into two broad categories 

depending on how they interact under the action of an external magnetic field 

(diamagnetic and paramagnetic) [35]. Diamagnetism is characterized by negative 

magnetic susceptibility, which makes the magnetic moment induced by the action 

of an external magnetic field less than that of a vacuum. The magnetic moment 

induced in materials has small values and opposite direction in relation to the 

applied magnetic field. 

As for paramagnetic materials, they consist of atoms that have semi-

occupied orbitals with electrons, thus presenting a magnetic dipole. However, the 

magnetic dipoles are initially randomly oriented in the absence of a magnetic field 

but, in its presence, they reorient. Paramagnetic materials have a magnetic 

susceptibility with positive values. Nanometric ferrites have a high adsorption 

capacity due to the surface and the number of active centers. The affinity of 

ferrites for an adsorbed compound can be modified by surface functionalization or 

by total or partial substitution with another metal cation, respectively [36]. 

2. Materials and methods  

All chemical reagents (FeSO4·7H2O, FeCl3·6H2O, NH3, EDTA, PVA, 

MnSO4, HNO3) used in the synthesis and experiments have a high degree of 

purity and were purchased from Merk and Aldrich Chemical Reagent Co. Ltd. 

The aqueous solutions were prepared with deionized distilled water. The used 

glassware was previously washed with 10% volume HNO3 and then washed 

thoroughly with deionized distilled water. 
 

2.1. Synthesis of Fe3O4/EDTA and Fe3O4/PVA 
 

Synthesis of Fe3O4/PVA 

The precipitation reaction of Fe2+ and Fe3+ salts (FeSO4 0.1 M, 

respectively FeCl3 0.1 M) with concentrated ammonia (NH3 25%) without heat 

treatment leads to the direct obtaining of magnetite, a mixed oxide with an 

inverted spinel structure. The necessary volumes (in stoichiometric quantities 100 

mL) of the two solutions (FeSO4 and FeCl3) calculated to obtain 2.5.10-3 g of 

Fe3O4 are introduced in a Berzelius beaker. Over the obtained solution was added 

15 mL of concentrated ammonia, under continuous stirring (200 rpm) (using 

RSLAB 13 PRO20 Digital Mechanical Stirrer). After that, the reaction mixture 

was stirred at 200 rpm for another 15 min until the apparition of a black 

precipitate. The solution on top of the precipitate is immobilized with a magnet 

placed under the beaker and is decanted. The acquired precipitate was washed 

three times with 25 mL refined water until the complete removal of chloride ions. 



104             O. D. Orbuleţ, C. Borda, D. Garleanu, G. Garleanu, A. Stancu, C. Modrogan 

From that point onward, 50 mL 4% PVA solution was added over the mixture and 

magnetically stirred at 200 rpm for 20 min at room temperature. After the 

blending time has passed, the solution was filtered and rinsed with distilled water 

and afterwards was transferred, in order to dry, to a watch bottle (weighed 

beforehand). The precipitate was slowly heated in the oven (Multi-lab ML-LE 

15/11) at 100 °C. After gelling, the temperature was increased at 150 °C and 

heating continued in the oven for 4 h. The resulting sample (Fe3O4/PVA) was very 

well crushed before being used for the adsorption tests and characterized [35]. 
 

 Synthesis of Fe3O4/EDTA 

After preparation of the magnetite 0.615 mg of ethylene-diamine-tetra-

acetic acid (EDTA) (Merk) is added as a precipitating agent and as a coating agent 

under continuous stirring at 200 rpm. From the literature data, a mass ratio of 1:1 

Fe3O4:EDTA was chosen to ensure that the Fe3O4 surface was completely 

covered. To complete the reaction, stirring is continued for 1 h at 50 °C (in the 

FC-302 incubator). Finally, the formed product was washed with deionized 

distilled water and dried at 80 °C for 3 h [36]. 
 

2.2. Characterization of the synthesized materials  

Optical microscopy analysis was used on both Fe3O4/EDTA and 

Fe3O4/PVA to observe the structural properties of the Fe3O4/EDTA and 

Fe3O4/PVA regarding the adsorption of Mn2+. The analysis of the phase 

composition of the sorbents was performed by Media-Tech MT4096, USB, 

magnification 400x.  

The Thermal Gravimetric Analysis (TGA) and Differential Scanning 

Calorimetric measurement (DSC) of the Fe3O4/PVA was conducted using a 

Q5000IR (TA Instruments). The samples of powder (7–15 mg) were heated from 

40 to 700 o C under nitrogen atmosphere (50 mL/min) with a heating rate of 

10◦C/min in platinum pans (100 µL). For highlighting the formation of magnetite 

in the synthesized samples FT-IR spectroscopy was the used technology. FTIR 

spectra were recorded using the Jasco FTIR 6300 spectrometer equipped with a 

Golden Gate Specac ATR (KRS5 lens), in the range of 400-4000 cm-1 (32 scans at 

4 cm-1 resolution). The DE-convolution of the spectra was performed using the 

Jasco spectrum analysis program. 
Table 1. 

Notation of samples before and after adsorption of Mn2+ 

Samples Notation 

Fe3O4/EDTA blank P1 

Fe3O4/PVA blank P2 

Fe3O4/EDTA – Mn2+ P3 

Fe3O4/PVA – Mn2+ P4 
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2.3. Adsorption study of Mn2+ onto Fe3O4/EDTA and Fe3O4/PVA 

For the kinetic studies, the experimental procedure started by placing 0.5 g 

Fe3O4/EDTA; Fe3O4/PVA in Berzelius glasses and then adding 50 cm3 MnSO4 

solution with concentration of 80 and 40 mg/L. The glasses were coated in order 

to stop the evaporation and were stirred (200 rpm) at several times (5, 10, 20, 30, 

60, 90 min) at 20 °C. Stock solutions containing Mn2+ were prepared by 

dissolving MnSO4 in deionized water at room temperature (20 ± 2 oC). By 

diluting the stock solutions with deionized water and H2SO4 or NaOH in order to 

adjust the pH to the preset values, we obtained the working solutions. 

Afterwards, 10 cm3 solution from the filtrate was spectrophotometrically 

analyzed at λ = 525 nm (Shimatzu 1900 UV-VIS). Fe3O4/EDTA; Fe3O4/PVA was 

used like powder and boring.  

 
Fig. 1. Adsorption study of manganese ions used Fe3O4/EDTA and Fe3O4/PVA 

 

Mechanic blending was realised by means of a Heidolph Unimax shaker at 

200 rpm. When the mixing procedure was over, the samples were sifted using 

blue ribbon paper and the obtained solution was placed in 50 mL volumetric flask. 

From the extract, 10 cm3 solution was spectrophotometrically analyzed at λ = 525 

nm. All the experiments were performed at pH = 7 (pH-meter JKI JK-PH009, 0 - 

14 pH).  
 

Kinetic study of Mn2+- Fe3O4/EDTA or Fe3O4/PVA 
 

The models used to calculate the time load are: 

• A pseudo-order II kinetic adsorption model (Demirbas, 2004): 

2

2 )( te
t qqk

dt

dq
−=            (1)  

where: k2 = pseudo-order type II rate constant of the process(g/minmg); qe 

= loading of the iron particles with manganese at equilibrium, (mg/g); qt = loading 

of the iron particles with manganese (adsorption capacity) at time t, (mg/g). 

 



106             O. D. Orbuleţ, C. Borda, D. Garleanu, G. Garleanu, A. Stancu, C. Modrogan 

Putting the condition of the limit: t = 0, t = t şi qt = 0, qt = qt by integrating 

equation (1) we obtained:  
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• A pseudo-order type I kinetic adsorption model, (Demirbas, 2004): 
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Putting the condition of the limit: t = 0, t = t şi qt = 0, qt = qt by integrating 

equation (3) we obtained: 
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The model used to determine the evolution of load over time is given by the 

balance equation (4) 
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where: qt şi C – have the same significance as in equation (2), (mg/g); C0 = the 

initial concentration of Mn2+ in aqueous phase, mg/L; Vaq = the volume of the 

aqueous phase, mL; mn = the mass of the functionalized iron particles, g. 

The proposed models, especially their parameters, can be input data for the 

elaboration of mathematical models that would describe more fully the behavior 

of manganese ions in water. This phenomenon was described based on the 

calculated parameters, as well as by using pseudo order I and II kinetic models, 

which were tested with experimental data and whose curves were compared with 

the experimental curves. 

3. Results and discussion 

3.1. Characterization of Fe3O4/EDTA; Fe3O4/PVA 

Both the original and modified magnetite (Fe3O4/PVA) were analyzed 

using FTIR-spectroscopy in order to attest the formation of the Fe3O4. The FTIR 

spectra indicated a significative modification of the absorption bands between the 

samples (Fig. 2). 
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Fig. 2. FT-IR spectra of Fe3O4 (A), Fe3O4/EDTA (B) and Fe3O4/PVA (C) 

 

Fourier transformed infrared spectrometry (FTIR) and thermogravimetry 

(TGA) were used to characterize all of the obtained materials. In this respect, the 

FTIR spectra (sample B) show peaks for N-H (3228 – 3369 cm-1), C=O (1625 – 

1628 cm-1), C-N (1432 – 1433 cm-1), and C-NH2 (1111 – 1114 cm-1), and Fe-O 

(413 – 533 cm-1). The new peaks appearing in the EDTA/Fe2O3 spectrum, namely 

C-C (860 cm-1), [N(-CH2-)3] (971 cm-1), and (C-O) COOH (1369 cm-1) are 

attributed to the newly activated EDTA molecules on the magnetic particles’ 

surface.  PVA was shown to have been successfully embedded and 

incorporated into Fe3O4 particles’ surface by the FT-IR spectra. The FT-IR 

spectrum indicates the presence of two peaks at 532 cm-1 (sample A) and 525 cm-

1, respectively, (sample C) that confirm the formation of the Fe3O4 spinel oxide. 

They are caused by the stretching vibrations of the Fe-O bonds. The weak 

shoulder at 421 cm-1 (sample A) and 471 cm-1 (sample C) can be easily observed 

and is attributed to the magnetite [1]. The absorption band at 815 cm-1 (sample A) 

and 810 cm-1 (sample C), respectively, corresponds with bending vibration related 

to the out of the plane bonds of O-H. The bands at ~1740 cm-1 and 1628 cm-1 are 

assignable to the stretching vibration of C=O from the COOH group. The 

absorption band at 1436 cm-1 (sample A) and 1442 cm-1 (sample C) refers to 

asymmetric C-H stretching [38].  

The vibration mode of C-O noticeable in the spectrum at 1370 cm-1 is 

assigned to HCO3
-, which indicates that the sample contained carbonate 

contaminants [37]. Successful coating of Fe3O4 by PVA was designated by the 

presence of hydroxyl (O–H) (stretching from the intermolecular and 

intramolecular hydrogen bonds), carbonyl (C–C), and Fe–O–C bonds vibrations 

(sample B), in the region of ~3700 cm-1, ~2300 cm-1, and 1550 cm-1. Also, the 
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interaction of the surface of Fe3O4 with PVA could be identified by the presence 

of Fe–O–C stretching in the region of 1120-1090 cm-1 [38]. The FTIR of sample 

B revealed peaks at 3017 cm-1 and 2808 cm-1, respectively, that refer to the C-H 

stretching of the alkyl groups. The absorption bands observed at 1740 cm-1 and 

1386 cm-1 were related to carbonyl and methylene stretching, respectively. These 

results were in agreement with other reported in literature [39]. 

TGA-DSC thermal analysis (sample A) was the first technology to 

characterize the powders obtained (Fe3O4/PVA) by drying precipitates in an oven 

for 24 h. Based on the exothermic process of oxidation of Fe (II) to Fe (III), with 

an increase of the mass, which occurs up to 200 °C [37], thermal analysis can 

highlight the presence of magnetite in the newly formed powders. Because of the 

low temperature the process required, the obtained powders may have an 

important amount of -OH groups on their surface; this explains why the 

endothermic process of removing the -OH groups from the surface and H2O 

molecules can overlap with the oxidation process. Therefore, it is indeed difficult 

to potentially quantify the content in magnetite in the analyzed powder. Despite 

all of this, the presence of this exothermic process with increasing mass can be 

considered as a fingerprint for the presence of magnetite.  

Three weight loss steps were shown on the thermogram of EDTA/Fe3O4 

(sample B), which could also be connected to the presence of EDTA. The first 

two weight losses, 3.07% (Fe3O4) and 4.31% (EDTA/Fe3O4), at temperature 

bellow 200 °C are attributed to the dehydration process. The weight loss between 

200 and 500 °C, as it is visible on EDTA/Fe3O4 thermogram, is attributed to the 

complete decomposition of EDTA mostly due to pyrolysis and oxidation. All 

these findings suggest that the EDTA was successfully pinned on the surface of 

magnetite particles. 
 

 

Fig. 3. TGA-DSC curves of the obtained powders: Fe3O4/PVA (A) and Fe3O4/EDTA (B) 
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In all initial samples, the presence of magnetite is highlighted by the TGA-

DSC curves. The existence of magnetite was confirmed by the exothermic process 

with mass increase in the temperature range 100-190 °C, corresponding to the 

oxidation of Fe3O4 at γ-Fe2O3 (on paper, for pure magnetite, the increase in its 

mass should be 3.45%). An endothermic process with mass loss precedes this 

process, because of the elimination of water molecules bound to the surface of the 

particles by hydrogen bonds. This process coincides with the oxidation of 

magnetite. A small mass increase (+ 0.14%) in the range of 100-180 °C (the 

highest exothermic effect being located at 120 °C) is shown by the samples that 

were obtained using NH3 as a precipitant. This may be due to the overlapping of 

another weak exothermic process at ~170 °C that occurs with mass loss and is 

possibly connected to the removal of NH3 that remained bounded on the particles’ 

surface.  

Although there are no significant thermal effects, the loss of mass up to 

400 °C may be due to the DE-hydroxylation process. Another exothermic process, 

without mass exchange, occurs around 560 °C and corresponds to the transition of 

maghemite (γ- Fe2O3) to hematite (α- Fe2O3). 

The investigation of the surface morphology of the prepared Fe3O4/EDTA 

and modified magnetite (Fe3O4/PVA) was performed by means an optical digital 

microscope (Media-Tech MT4096, USB).  

The surface morphology of the original (Fe3O4) and modified magnetite 

(Fe3O4/PVA), was examined using an optical digital microscope (Media-Tech 

MT4096, USB, magnification 400x) (Fig. 4). 
 

 

Fig. 4. Surface morphology images of the samples: Fe3O4/EDTA (A) and Fe3O4/PVA (B). 
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The images of the surfaces show the existence of Fe3O4/EDTA 

agglomerations, where the magnetic particles can be more or less united together 

and are almost spherical shaped, but although not very regular. Also, the images 

depict that the particles don’t have an even distribution presenting different shapes 

and sizes. The surface image of the Fe3O4/PVA indicated very clearly how the 

particles are formed and dispersed, process which was consistent with the reported 

coated magnetic particles. Also, it is noticed that the Fe3O4 particles have been 

stabilized by adding PVA on their surface to prevent them from coagulating. The 

affinity of the particles to the cross linker had also been enhanced [40]. 
 

a. Effect of pH 

The pH is an important factor that affects the adsorption process by 

tangling with the structure of the pollutant and the surface charge of the adsorbent 
[37]. This influence of pH is related to the form of the metal ion in the solution, as 

well as to the functional grouping of the extractant. 
In Fig. 5 it is presented the effect that the pH has on the removal of Mn2+ 

from waters. As the pH increases, the efficiency of Mn2+ removal decreases., so 

that the greatest extent of the removal in pH = 6 is more than 90%. The results of 

this study are similar to those of other researches. Also, the study performed by 

Khaniabadi (2017) showed that increasing the pH decreases efficiency [39]. 
 

 
Fig. 5. The effect of pH on the performance of Mn2+ removal using Fe3O4/EDTA and Fe3O4/PVA 

(V = 50 mL. adsorbent mass 0.5 g, C0 = 80 and 40 mg/L, t = 60 min) 
 

b. Kinetics adsorption evaluation  

A more accurate quantification of the influences of adsorption processes 

has been achieved by laboratory evaluation tests on static models.  
Among the models proposed for testing, it was found that the pseudo order II 

kinetic model is the most suitable for describing the adsorbtion process, for this model 
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obtaining a determination coefficient, R2 ~ 1. The removal rate of manganese ions was 

about 99% in a short time, about 5 min. The kinetic parameters calculated by 

bilinear regression according to the mathematical models used are presented in 

table 2. The kinetic curves obtained experimentally for Mn2+ sorption on 

Fe3O4/EDTA and Fe3O4/PVA are presented in Fig. 6.  From the analysis of the 

curves presented in Fig. 6 it is observed that: the most significant decrease of the 

concentration occurs in the first 5-10 min. After 10 min, the concentration of 

manganese ions in the solution decreases by 0.1%, then the decrease is slow, 

becoming constant after 1 h. 
 

  
 

 
 

Fig. 6. Integral kinetic curves for Mn2+ retention on Fe3O4/EDTA (1-3) and Fe3O4/PVA at 

20 °C 

 

The rate of reduction of manganese ions was very fast in the initial period, 

in the first 5 min, then the reactivity was lower after a certain time, due to the 

decrease of the available free exchange positions. From the point of view of the 

charge of the two adsorbents Fe3O4/EDTA and Fe3O4/PVA they showed a similar 

behavior, with the observation that the adsorbent Fe3O4/EDTA offered several 

free positions so that the manganese ions achieved a higher charge of the surface 

of 1905 mg/kg, compared to the Fe3O4/PVA adsorbent which led to a maximum 

load of 1883.33 mg/kg.  
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Pseudo-first-order and pseudo-second-order models described by 

Equations 5, 6, 7 [17] were used to evaluate the kinetic sorption data. The kinetic 

parameters and the determination coefficients are presented in table 2 and Fig.s 7-

8. 

  
Fig. 7. Interpolation line for determining the 

parameters of the pseudo order I kinetic model for 

sample P1. 

 

Fig. 8. Interpolation line for determining the 

parameters of the pseudo order I kinetic model 

for sample P2. 

 

 According to the determination coefficients (R2) the kinetic sorption of 

Mn2+ was better evaluated by the pseudo-second-order kinetic model for all 

experiments. The kinetic rate (k2) is always higher for 0.662 (table 2). 
 

Table 2.  

Kinetic parameters and the determination coefficients of Mn2+ sorption 

on Fe3O4/EDTA (samples P1) and Fe3O4/PVA (sample P2), at 20°C 

Kinetic model Parameters Sample P1 

20°C 

Sample P2 

20°C 

Experimental qe,exp.
 1905 1883.33 

Pseudo-first 

order 

qe,calc. 

k1, min-1 

R2
 

1911.719 

0.0627 

0.7241  

1858.59 

0.0662 

0.7331  

Pseudo-second 

order 

qe,calc. 

k2, min-1 

R2 

1911.719 

0.001867 

1 

1858.59 

0.002876 

1 

 

A higher sorption rate was observed at the initial reaction time when 80 

mg/L of Mn2+ was employed. At 60 min of shaking time, 15%, and 95% of Mn2+ 

were removed for the initial concentration. The presence of PVA reduces the 

number of free active centers on the surface of the functionalized Fe3O4 material, 

thus preventing manganese ions from being adsorbed, which reduces the 

adsorption capacity to 1883.33 mg/kg. These results indicate a higher affinity 

between Mn2+ and the available active sorption sites of Fe3O4/EDTA, leading to 
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faster sorption compared to Fe3O4/PVA. In addition, the absorption capacity of 

the functionalized Fe3O4 material follows the same increased adsorption trend in 

the case of sample P1 and sample P2 suggesting that the existence of functional 

groups with oxygen on its surface have an important role in increasing the 

absorption capacity (table 2). 

The experiments were modeled using different kinetic models, pseudo-

order I and pseudo-order II models. According to the correlation coefficients (R2), 

the kinetic sorption of Mn2+ was better evaluated by the pseudo-order II kinetic 

model for all experiments. The obtained results indicated that the Mn2+ adsorption 

was governed by a pseudo-order II kinetic model. These are confirmed by 

correlation coefficients that were equal to 1. This kinetic model indicates that 

chemical adsorption or chemical bonding between the adsorbent active sites and 

manganese ions could dominate the adsorption process. The result demonstrated 

that the prepared Fe3O4/EDTA exhibited an excellent adsorbent capacity for Mn2+ 

(1905 mg/kg, initial Mn2+ concentration of 80 mg/L) than other adsorbents such as 

kaolinite (0.446 mg/g) [42], riccia xuitans (0.254 mg/g) [43], bombax 

malabaricum (0.2837 mg/g), ipomea batatas (0.3627 mg/g), pithecelobium dulse 

(0.4156 mg/g), peltaforum ferraginium (0.4433 mg/g) [44]. 

4. Conclusions 

The purpose of this work was to synthetize, characterize and apply an 

Fe3O4/EDTA/ Fe3O4/PVA for removing Mn2+ from synthetical wastewaters, 

similar to groundwaters. The pH effect, initial concentration of Mn2+ and the 

adsorption kinetics were also examined. The success of the synthesis of the new 

material has been confirmed by FTIR, optical microscopy and TGA/DSG analysis 

that revealed new properties comparative with the basic material, namely 

magnetite.  

When it comes to the adsorption of Mn2+, the equilibrium can be reached 

quickly, in about 60 min of shaking time. The pseudo-second-order expression 

accurately described the Mn2+ adsorption kinetics for the prepared Fe3O4/EDTA 

and Fe3O4/PVA. The adsorption capacity of Mn2+ increased with increasing the 

initial Mn2+ concentration. The adsorption experiments also revealed that 

Fe3O4/EDTA has a higher adsorption capacity than Fe3O4/PVA for Mn2+. 

Moreover, the high rate of adsorption of the three chemical species has been 

highlighted. In this regard, about 95% of them was removed from the aqueous 

solution in about 60 min.  

The obtained results prove that the synthetized Fe3O4/EDTA can be used 

as potential adsorbent for the removal of Mn2+ from wastewater. 
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